We present observations of active galactic nuclei (AGN) with close companion galaxies, in search of regions of the companions whose gas is photoionized by the AGN (which we term cross-ionization). This phenomenon can trace patterns of escape of ionizing radiation from AGN, and their time histories. From an initial set of 212 candidates, identified with the help of Galaxy Zoo participants, we obtained long-slit optical spectra of 32 pairs most likely to show cross-ionization. Among these, 10 systems show evidence of such cross-ionization based on emission-line ratios, in broad agreement with expectations if most AGN have ionization cones with 60deg opening angles. The distributions of companion galaxies with and without signs of cross-ionization are similar in estimated incident AGN flux, suggesting that such additional factors as geometry of escaping radiation and long-term variability control this facet of the AGN environment. This parallels conclusions for luminous QSOs based on the proximity effect among Lyman α absorbers. In some galaxies, mismatch between spectroscopic classifications in the common BPT diagram and ratios of weaker emission lines highlights the limits of common classifications in low-metallicity environments. We highlight properties of several systems with particularly strong evidence for cross-ionization -Was 49, NGC 5278/9, and UGC 6081 -and find a potentially fading AGN in the NGC 5278/9 system. Finally, we provide guidelines for further examination of these systems.
INTRODUCTION
Important aspects of active galactic nuclei (AGN) are studied through the properties of surrounding gas on scales up to kiloparsecs, providing information otherwise inaccessible due to the small size of the central regions or the timescales involved. This is especially true of AGN with extended emission-line regions (EELRs), which span kiloparsecs in radial distance and often occur over broad angular ranges about the central source (Stockton et al. 2006) . The frequent occurrence of (double) ionized clouds with triangular shapes was a key piece of evidence for some form of geometric unification involving Seyfert galaxies of types 1 and 2 (Antonucci 1993) . Recently, the discovery of the 45-kpc cloud known as Hanny's Voorwerp (Lintott et al. 2009 , Schawinski et al 2010 , Keel et al. 2012b , Schawinski et al 2015 , Sartori et al. 2016 ) highlighted what had earlier been an abstract possibility: using EELRs to trace the history of radiation from AGN across the light-travel times to distant gas clouds. In this instance the gas has such high ionization levels that it must be illuminated by a luminous quasar 2 orders of magnitude brighter than the observed galaxy nucleus; a former quasar has faded dramatically within 10 5 years. A tailored search by Galaxy Zoo participants led to confirmation of 19 less luminous examples (Keel et al. 2012a , and later studies have identified analogous candidates for fading AGN detected via such ionization echoes at both lower and higher luminosity (Schirmer et al. 2013 , Schweizer et al. 2013 .
All these interpretations of EELR observations for properties of the AGN themselves are restricted by the distribution of the gas around the AGN host galaxy, with potential biases due to the relative orientations of the disc and AGN absorbing torus (whose axes are essentially uncorrelated; Schmitt et al. 2003) and obscuration due to dust in the galaxy disc. Indeed, Hanny's Voorwerp and its fainter Galaxy Zoo analogs all have their EELRs as part of tidal debris (Keel et al. 2015) . In this study, we use galaxy pairs containing AGN to explore the possibility of EELRs consisting of gas from a companion galaxy, which would not suffer the same biases in illumination, and would also not have the kind of radial density structure which might be found in gas associated with the AGN host itself, allowing more secure measurements of the angular pattern of escaping radiation and its time history than possible from gas within the AGN host itself. While the triggering of AGN by galaxy interactions remains contentious, many AGN are certainly located in interacting galaxy pairs, a fact which allows us to use companion galaxies as screens to view the emerging radiation from their active neighbors, which we will call cross-ionization.
The conditions for cross-ionization in galaxy pairs to be important were set out as early as Filippenko (1982) , and have been briefly considered as interest in dual-AGN systems increased (Liu et al. 2011) . In spectra with relatively large apertures, cross-ionization could mimic a relatively low-luminosity AGN (as was noted by Liu et al. 2011) , while ionized gas from a companion could generate velocity asymmetries in survey spectra of the kind studied by Comerford & Greene (2014) . One of the best candidates, Was 49ab, was observed in detail by Moran et al. (1992) who discussed the possibility of cross-ionization.
Similar issues -AGN episode lifetimes and the solid angle over which ionizing radiation escapes -have been addressed for QSOs by seeking changes in the ionization level implied by absorption lines from dense parts of the intergalactic medium (IGM), above all the H I and He II Lyman α forests (Furlanetto & Lidz 2011) . A local source of hard radiation, above the mean background at a QSO's redshift, decreases the strength of these absorption features within a radius depending on the local AGN flux. This has been measured as the proximity effect -originally in the spectrum of the QSOs themselves, with redshift mapping to distance in front of the AGN, and later in the transverse proximity effect (Adelberger 2004 , Kirkman & Tytler 2008 , Gonçalves et al. 2008 , Schirber et al. 2004 as the line of sight to the AGN observed passes close to a foreground AGN. Mismatch between these two kinds of proximity effect could result from episodic luminous AGN phases Visbal & Croft (2008) or anisotropic escape of the ionizing radiation.
Our approach complements studies of both proximity effects; close companion galaxies can probe to smaller separations and lower AGN luminosity than is feasible with the usually statistical nature of absorption-line studies. We rely on an analogous process: detection of ionization in excess of what sources other than the AGN can produce, in this case through changes in emission-line ratios as the AGN contribution becomes comparable to, or exceeds, that from star formation in a companion galaxy. The diffuse phase of the ISM is important here; at its typically low density, relatively few AGN photons can shift its ionization balance, in contrast to H II regions with higher densities of both particles and stellar ionizing photons. The contributions of these phases differ considerably among galaxies. For this reason, we use the expected ionizing flux from AGN at companion locations only as a relative guide to priority for observation.
We have conducted an extensive search for AGN crossionization candidates. This paper describes our sample selection, with participation from Galaxy Zoo volunteers, priorities among these based on physical properties, narrowband imaging of a subset, and spectroscopic observations, identifying a set of probable instances of cross-ionization between AGN and companion galaxies. In quoting luminosities and sizes, we adopt H0 = 70 km s −1 Mpc −1 and flat geometry.
SAMPLE SELECTION AND OBSERVATIONS

Sample criteria
For detectable cross-ionization of the ISM in a companion galaxy, both the impinging intensity of ionizing radiation from the AGN and the chances of the companion intercepting the pattern of merging radiation (i.e. ionization cones) are relevant. These are independent criteria, and we consider both in selecting the most promising targets. Our criteria are shown schematically in Fig. 1 . Here, r is the projected separation from the AGN to the center of the companion, and θ is the angle the companion subtends in projection around the AGN. Galaxy size is not well-defined, particularly when images overlap so that standard photometric procedures may not separate galaxies properly; operationally we take the extent detected in composite images from the Sloan Digital Sky Survey (SDSS; Abazajian et al. 2009 , Alam et al. 2015 for a consistent way to compare different systems. Spot checks show that this extends to a projected distance from the nucleus roughly equal to the SDSS quantity petroR90 r, and about 1.3 times the Petrosian radius petroRad r.
Observed ionization cones have projected full opening angles typically 70
• (Wilson 1996 , Keel et al. 2012a ), halfangle ≈ 35
• . Ignoring projection effects which are poorlyknown for most objects, this implies that ionizing radiation emerges over a fraction (1−cos 35
• = 0.18) of the sky around atypical AGN, and suggests that we could expect roughly this fraction of companions to show cross-ionization if they are close enough for the incident AGN radiation to be suitable intense. This is a very crude estimate, since there is such a wide range of observed opening angles and projection factors will enter, but guides our expectations.
Also relevant to our selected number of cross-ionization cases is that fact that both r and θ are subject to projection effects due to the (essentially unknown) line-of-sight separation between the galaxy centers. We can estimate the typical magnitude of this effect in distance between galaxies in a pair, using a combination of the correlation-function slope ζ (which is consistent across the separations of galaxy pairs and groups), and a cut in projected radius (whose value is arbitrary since the correlation function is a power law).
Using 10
4 Monte Carlo trials for pairs of points separating according to ζ ∝ r −1.6 , the mean projection effect is very poorly defined because of the long tail of widely-separated galaxies, but the median projection factor between projected and physical radii is stable at 1.52 (decreasing the inferred intensity of incident AGN radiation by a factor 2.3).
Ideally, we would seek companion galaxies with the rare combination of being rich in neutral gas to trace ionizing radiation, and poor in ongoing star formation which dilutes the emission lines of AGN-ionized gas. A selection on companion optical colours could eliminate "red and dead" systems on the red sequence which are very gas-poor, but this could also in principle eliminate some galaxies with enough gas for observable line emission (including H I clouds on the periphery of quiescent galaxies).
When both galaxy redshifts are known, we can filter many line-of-sight projections from candidates for genuine companion galaxies.
Since many galaxy pairs close enough for crossionization to occur are strongly interacting, gas in tidal tails or other debris can increase the cross-section of this process. As noted already, some known EELRs consist mostly of gas in such tidal features (Keel et al. 2012a , Keel et al. 2015 . Even tidal tails arising in the disc of an AGN host galaxy can be twisted away from its plane far enough to escape obscuration by material in the inner disc of the host. In selection for spectroscopy, we consider tidal tails to be evidence of physical association even when the companion redshift was unknown.
Sample construction
We compiled a parent sample of AGN with companion galaxies based on the redshift and geometric criteria just discussed, largely through the efforts of volunteer participants in the Galaxy Zoo project (Lintott et al. 2008) . A post on the project forum setting out the desired kinds of galaxy pairs led to responses beginning both from objects seen in the normal course of classification for Galaxy Zoo, and from SQL queries of the SDSS photometric and spectro- Figure 1 . Schematic diagram of an AGN illuminating a large companion galaxy, showing the selection parameters r and θ. The projected separation r, combined with the AGN luminosity, predicts the strength of ionization expected at the companion, while its angular extent θ with respect to the AGN predicts the probability of ionization cones actually intersecting the companion galaxy. Both r and θ are subject to projection effects.
scopic catalogs
1 . These suggested pairs were used as a starting point, further refined by inspection of spectra to confirm the presence of a clear spectroscopic AGN. We required a Seyfert nucleus; if a LINER AGN is present, its inferred ionizing luminosity would be lower than in Seyferts, making cross-ionization less effective. When only the AGN redshift is known, tidal distortion was taken as secondary evidence that two galaxies are physically associated. These factors led us to a finding list of 212 AGN/companion pairs (Appendix A), incorporating Galaxy Zoo forum postings between 16 January 2012 and 15 March 2014.
We also included a few nearby systems passing these tests, previously known outside the SDSS imaging region (i.e. Keel 1996 building on the catalog by Lipovetsky et al. 1988 ): NGC 2992 From this parent sample of 212 AGN/companion pairs, we used several criteria to rank them in observational priority. As defined in Fig. 1 Heckman et al. (2004) , an energy ratio 3500 between bolometric and observed [O III] output, and the mean radio-quiet spectral energy distribution (SED) from the QED project (Elvis et al. 1994) , where the ionizing luminosity is about 0.14 of the bolometric value. These give predictions of the incident ionizing flux Fion on companion galaxies from the AGN [O III] flux and companion geometry, which can suggest likely ionization parameters for a particular ISM density. This estimate applies to the projected location of the companion nucleus; in some systems the range between near and far sides of a companion disc is very large.
For each spectroscopic observing session, we selected accessible pairs with either the highest predicted ionizing flux at the companion, or the largest projected angle θ spanned by the companion (translated to expected solid angle spanned by the companion as seen from the AGN).
When the companion spectrum is available (from SDSS or other sources as listed by NED), we omitted those with strong line emission from star formation, since weaker contributions from AGN-ionized gas become progressively more difficult to distinguish in composite systems. Previous dual-AGN candidates were retained in our list, since some of these may be instances of cross-ionization where the nucleus and surrounding ISM are blended in the SDSS spectrum (Liu et al. 2011) .
Mkn 177 and its compact companion fit our selection criteria, but there is known to be no resolved line emission around the putative AGN, whose long-term variability suggests that it may instead be a very luminous, unusual variable star, or more speculatively, an ejected supermassive black hole leaving the site of interaction (Koss et al. 2014 ).
Observations: long-slit spectra
Cross-ionization should give spectroscopic signatures such as extended ionized gas with AGN-like line ratios across the companion, and ionization behavior not symmetric about the companion nucleus. We have carried out a spectroscopic study of candidate AGN in galaxy pairs to isolate a subset with these features.
We obtained spectra of 32 candidate pairs, some multiple times for confirmation or at different position angles, using the Kast double spectrograph (Miller & Stone 1992) at the 3-m Shane telescope of Lick Observatory during 13 nights from 2013-2015; the 2015 observations added exposure time or spatial coverage for cross-ionization candidates found in earlier sessions. For each session, the D46 dichroic beamsplitter separated light into blue and red optical paths, with a nominal split centered at 4600Å. The wavelength settings were roughly 3400-4600Å in the blue, and 4600-7400Å on the red side. The slit width was 2.0 arcseconds. Flux calibration used observations of 1-3 standard stars per night.; clouds prohibited observing standards on 23 April 2015, so we used the response curve derived for 26 April, and scaled line fluxes in the case of SDSS 1354+1327 to match earlier data where the slits crossed at the nucleus. Systems observed on each night are listed in Table 1 , and descriptions of the spectral characteristics of spatially resolved, extended line emission are in Table 2 . The initial slit orientation crossed both galaxy nuclei, unless SDSS images suggested strong offnuclear line emission via unusual gri colours, with further slit orientations in some cases when suggested by system structure or results of a first observation. Of the 32 systems we observed, 10 show evidence of extended AGN-ionized gas in companion galaxies or tidal tails.
To assess the dominant ionizing mechanism for detected regions, we rely on the approach pioneered by Baldwin et al. (1981) , widely known as BPT diagrams. In particular, star-forming objects and AGN are generally well separated in a diagram comparing the ratios of strong emission lines [O III] λ5007/Hβ and [N II] λ6583/Hα. Specifically, we use the updated boundaries specified by Kewley et al. (2006) . This single diagram, while relying on the spectral lines most easily detected in the optical, can become ambiguous at low metal abundances (as in some of the EELRs examined by Keel et al. 2012a) . He II or [Ne V], when seen over large areas, are virtually certain indicators of photoionization by AGN radiation, but our data are only rarely sensitive enough to reveal these in the outskirts of the galaxies. Further, the wavelength range around He II λ4686 at redshifts z = 0.02 − 0.04 (typical of the bright objects in this sample) is compromised by a night-sky emission line in spectra from Lick Observatory.
The long-slit results for objects with possible AGN ionization in the companion galaxies (or tidal tails) are presented in Fig. 2 . Spectral properties were evaluated using Gaussian fits to 2-pixel (1.5") sums along the slit. The top panels show the slit locations in these systems superimposed on composite SDSS gri images. The middle panel for each spectrum shows the redshift behavior (heliocentric cz) along the slit as well as intensity slices in the continuum and [O III] (or Hα for two cases where it was detected much more widely -NGC 3341 and UGC 6081). The bottom panels show the strong-line BPT diagram with the star-forming/AGN boundary from Kewley et al. (2006) ; the colours of points match between the velocity plots and BPT diagrams to show where the AGN-ionized regions occur along the slit. Because of the larger flux and smaller correction for underlying stellar absorption, we simply estimate the flux of Hβ from that of (narrow-line components of) Hα and a Balmer decrement of 2.85; with this approach, reddening correction will move data points further into the AGN region in these line-ratio diagrams.
The strong-line BPT diagrams, while allowing examination of the most extensive areas, may be misleading when low-metallicity gas is involved, such as is encountered in tidal debris and the outer discs of spirals. AGN photoionization models with varying abundance (with oxygen and nitrogen having the strongest signatures) show that nitrogen abundances below solar can move AGN-ionized gas into parts of the usual BPT diagrams occupied by star-forming regions (Storchi-Bergmann et al. 1998 ,Castro et al. 2017 ; in particular, [N II] and [S II] weaken at fixed [O III]/Hβ. So, while AGN-ionized gas may be securely identified if its strong-line ratios place it in the "AGN" region of the BPT diagrams, lower-metallicity counterparts may require additional information for secure classification. Significant He II or [Ne V] emission can play such a role, but these lines are comparatively weak in AGN narrow-line regions, and would not be detected outside the nuclei in most of our spectra. The [O I] λ6300 line is detected in some of our spectra and can help resolve this ambiguity.
Observations: narrowband imaging
Our spectroscopy is supplemented by narrowband imaging for 7 systems, summarized in Table 3 . For seven of the objects with the highest priority for spectroscopic observations in the redshift range z = 0.008 − 0.027, where [O III] falls in the band of an averrable filter, we obtained images in red- On this basis, we did not obtain new long-slit spectroscopy of Mkn 176, NGC 2992, NGC 3788, or UGC 3995. NGC 3341 shows a potential morphological signature of cross-ionization. The AGN here is in a small galaxy projected against the disc of a much larger spiral. In [O III], there is a triangular region of emission crossing the large disc at a skew angle with its apex at the AGN (Fig. 3) , which we tentatively interpret as an ionization cone of gas in the large galaxy. The slit location for spectroscopy was selected to sample this region, rather than crossing the nucleus of the large companion galaxy.
Motivated by extended [O III] structure in our SARA images of Kaz 199, we obtained more detailed images with the KPNO 2.1-m telescope. [O III] was isolated with a filter of 174Å FWHM centered at 5142Å , and Hα with a filter of 68Å FWHM centered at 6653. V and R were used for continuum subtraction.
For NGC 5278/9, we also analyze the Hα and continuum images from the KPNO 2.1-m telescope described by Kennicutt et al. (1987) , which guided our slit placement on noting that this pair was included in the AGN/companion sample. Our spectroscopic data, targeted to encompass one of these radial filaments, help interpret the nature of the emission filaments mentioned by Keel et al. (1989 Keel et al. 2012a). We do this for Was 49 (Fig. 4) , revealing extensions from the AGN in opposite directions, possibly including gas in the large companion disc.
CROSS-IONIZATION (AND MISSING-IONIZATION) CANDIDATE SYSTEMS
Several of the systems in Table 2 show evidence of crossionization. Others show no such evidence despite high a pri- ori odds of seeing it from the system properties. We discuss some of their individual properties here. Was 49: Identified in this context by Moran et al. (1992) , this may remain the best low-redshift cross-ionization candidate. Detailed study of the AGN by Secrest et al. (2017) stresses its high luminosity and implied black-hole mass relative to the very modest stellar mass of the host galaxy. The [O III] structure around the AGN is elongated perpendicular to the line between the galaxies (Fig. 4) ; the images in Secrest et al. (2017) show that part of this emission is in a single bright discrete source just northwest of the AGN. All the locations along our spectroscopic slits in this pair are AGN-ionized except the nucleus of the large companion galaxy; the AGN emission is largely continuous with the portion of the large galaxy's rotation curve sample in our data. Integral-field spectroscopy with high angular resolution could show whether the gas seen surrounding the AGN on arc second scales kinematically matches either its own radial velocity or the rotation pattern of the larger disc. In the latter case, the ionization pattern in the disc might reflect the pattern of escaping ionizing radiation.
NGC 5278/9: This pair has two low-luminosity AGN, near the Sy 2/LINER boundary in line-ratio diagrams depending on aperture size. The system shows extensive filaments or plumes in line emission, some almost radial (Keel et al. 1989, Fig. 5 ). Our spectroscopy shows AGN-ionized gas across the pair, including one of these plumes to the east. This may suggest that either the AGN are heavily obscured along our line of sight or have faded. Because gas in each disc may be largely shielded from its own AGN, this pair is a potential instance of cross-ionization.
In this system, we have the data to estimate both the nuclear luminosities and the ionizing-flux requirement at various points in the extended emission, to see whether the nuclear output has changed dramatically over the relevant light-travel time, and how important obstruction of the AGN is long our line of sight. Since these nuclei were not observed spectroscopically in the SDSS, we use the optical emission-line data within 4. 7 apertures reported by Keel et al. (1985) . For mid-infrared nuclear properties, we take the PSF-fitting WISE fluxes (Wright et al. 2010 ), using the "compromise" spectral slope conversions from Cutri et al. (2012) and bearing in mind the potential non-nuclear contribution within the WISE PSF. Conversion from Hα surface brightness in extended regions to required luminosity in the ionizing continuum followed Keel et al. (2012a) . To be conservative, we take the distance from extended cloud regions to each nucleus to be in the plane of the sky, minimizing the ionizing-luminosity requirements. The quantities involved in this comparison are given in Table 4 . This kind of estimate gives only a lower bound to the required ionizing luminosity of the AGN at the relevant time, both because a given parcel of gas is unlikely to be optically thick at the Lyman edge, and because we measure spatially averaged surface brightness in structures that are likely to be very patchy. For example, Gagne et al. (2014) and Keel et al. (2017b) , working at a linear resolution of ≈ 150 pc from HST imaging of the "Teacup" AGN, find that this calculation for the brightest regions underestimates the ionizing continuum by about a factor 3 over a wide range in radius. For NGC 5278/9, we average over a yet larger region, roughly 2 kpc in size. Lacking more detailed information on the fine structure in NGC 5278/9, we consider that the multiplication factor will be at least 3. SDSS 0057+01: AGN-ionized line ratios extend over most of the region sampled in both galaxies. The outermost parts at both ends of the slit are kinematically distinct from the rotational signature of the AGN host itself. SDSS 0839+47: our spectrum across the AGN host shows that the AGN ionizes gas across the galaxy, with increasing ionization in the outer parts. The SDSS spectrum of the companion galaxy shows line ratios indicating star formation, albeit with [O I] rather strong at about 0.07 × Hα, broadly consistent with mixed ionization sources. This system was flagged by Comerford & Greene (2014) for showing velocity asymmetries in both Balmer and forbidden emission lines. SDSS 0848+35: there is an isolated region of AGNionized gas at a projected radius 21" (23 kpc). SDSS 1354+13: both galaxies show similar line ratios, marking a possible dual AGN system flagged by Liu et al. (2011) from the SDSS spectrum, and with a velocity asymmetry in the SDSS spectrum noted by Comerford & Greene (2014) . AGN-ionized gas is more extended than the starlight continuum, notably in the tidal tail to the south, where it is detected to a radius of 22" (27 kpc) along two adjacent slit positions. Comerford et al. (2017) recently presented a suite of spectroscopic data showing both an EELR and a spatially resolved outflow, with implied timescales suggesting recurrent episodes of nuclear activity. Their EELR detection south of the nucleus overlaps with our data along the N-S slit position; our data extend slightly farther from the AGN.
NGC 3341: This pair has nearly the ideal geometry from Fig. 1 , with an AGN hosted in a compact galaxy close to a much larger spiral (Barth et al. 2008) . In a multiwavelength study, Bianchi et al. (2013) set very low limits on AGN in the other components of this system. Our emission-line imaging (Fig. 3) [O III] structure (linearly spaced contours) superimposed on the matched-resolution V -band continuum of NGC 3341, with a higher-resolution V image from the JKT also shown for comparison of the inner structure. The Seyfert nucleus in this system is in the small companion galaxy to the east (indicated by tick marks in the right-hand panel); the [O III] structure may represent an ionization cone comprised of material mainly in the disc of the large galaxy. Stellar residuals result from colour differences between foreground stars and the galaxies; two bright-star charge trails are seen on the southern side. The area shown is 167 × 201 , with north at the top. The intensity mapping in V uses a logarithmic scale offset from zero to avoid amplifying noise around the sky level. be needed to tell whether this is low-metallicity gas ionized by an AGN, a composite of both ionization sources blended along the slit, or something yet more complex. UGC 6081: This pair has two heavily reddened Sy 2 nuclei and shows AGN ionization along an extent of 58" (41 kpc). The extended emission might fall in the same category of radial extent > 10 kpc as the "Voorwerpjes" (Keel et al. 2012a) , depending on which of the AGN lights it up. We do not have the three-dimensional information to tell which is responsible (if indeed one dominates in the tidal debris seen at large radii). We do have the information for a rough ionization-balance calculation as done above for NGC 5278/9. These nuclei are more luminous and much more heavily reddened than in NGC 5278/9; straightforward screen reddening and the nuclear Balmer decrements suggest that the NW AGN, in the smaller galaxy (UGC 6081 NED01), is twice as luminous in [O III]. Our estimates (Table 4, listing dereddened values in this system) show that the energy balance makes it plausible for the SE AGN (in UGC 6081 NED02) to power the most distant gas we observe spectroscopically along the slit to its southeast, although whether this works in detail depends critically on the fine structure of the gas (since the peak surface brightness we observe places the strongest limits on the incident flux, and is strongly dependent on image quality). Much of the reddening toward each nucleus may take place close to our line of sight rather than as surrounding "cocoons" covering large solid angles; the WISE data suggest that in neither one does the MIR component of the SED dominate over ionizing radiation reaching surrounding gas. Using our conservative fine-structure correction (a factor 3 as noted above), the case for AGN fading in this system is weak (energy shortfall 1.7-2.0 times depending on which AGN is responsible, and no shortfall if both contribute to the ionization of the extended cloud).
NGC 6636 = Kaz 199: the small northeastern component of this pair (outside the SDSS footprint) has been catalogued as a Seyfert galaxy. We are unaware of a previously published spectrum of the AGN. In our new data, the strong lines would classify both galaxies as star-forming, but [O I] has intensity ≈ 0.05× Hα across a large region, at the very high end of values seen in disc H II regions and potentially a sign of composite ionization sources. In our [O III] images, the small galaxy (with reported AGN) is surrounded by an arc of emission-line knots (Fig. 6) , in addition to the region tracing the tidally distorted arms of the larger galaxy. The sizes of these knots are consistent with unresolved H II regions, rather than the filamentary appearance often seen . The field shown is 141" across with north at the top. PSF mismatches give artifacts at the locations of bright stars and the galaxy nuclei. At least three partly radial emission features are present without significant continuum counterparts; our spectrograph slit crossed the nucleus of NGC 5279 (left) and included much of the emission feature extending to its east. The intensity scales are logarithmic starting at levels slightly offset from zero.
in giant AGN-ionized clouds (Keel et al. 2012a , Keel et al. 2015 .
Some systems attract attention because of what we don't see. The best example is SDSS J084742.44+344504.4, also catalogued as PG 0844+349, a QSO with a nearby large spiral companion galaxy projected 25 away (32 kpc). Fig. 7 shows the velocity structure of this companion galaxy to the southwest, along its projected major axis. [O III] is detected only at the two positions in its disc where the slit crosses the spiral arms, weaker than Hα, so there is no evidence of external AGN ionization. An HST archival image (from Barth et al., program 9763) shows this to be a very symmetric, inclined grand-design spiral, similar in scale to the QSO host galaxy itself (Fig. 8) . The outer arms are so open in comparison to the inner structure that they may be tidally induced; the dust lanes on the northern side of the arms plus the velocity slice show that the spiral pattern is trailing. The slit spectroscopy by Hutchings & Crampton (1990) shows only weak emission in the southern spiral arm of the QSO host, without an obvious enhancement as the slit crosses the west- ern arc, so this feature more likely consists of star-forming knots rather than AGN photoionization which fits as well with its very knotty structure compared to the more diffuse and filamentary appearance of EELRs, as in Keel et al. 2017b) . These data, and our results on the spiral companion, fit with ionization cones directed near the line of sight and out of the plane of the host galaxy or intermittent highluminosity accretion phases, perhaps combined with a large physical separation between the pair members. While there remains substantial uncertainty in the line-of-sight separation, this galaxy pair may furnish an emission-line version of the same issues encountered in comparing IGM ionization via the direct and transverse proximity effects (as summarized in the Introduction).
Its Fion and projected separation would be very favorably for cross-ionization, but we see no evidence of this. The companion could be at a larger line-of-sight separation (up to the level indicated by the small ∆z), lie entirely outside an ionization cone, or fall outside radial zones which we could see ionized by an episodically luminous AGN.
Our primary tool for recognizing AGN-ionized gas is the set of strong emission-line ratios in the "classical" BPT diagram (Baldwin et al. 1981) weaker. In this sample, for example, the BPT diagram would classify both SDSS J134203.48+183901.5 and SDSS J135255.67+252859.6 as star-forming galaxies, but broad Hα in the first case, and strong and narrow He II λ4686 in both, mark them as AGN.
Among objects selected for spectroscopy, the ranges and median values of Fion are similar for the subsets with and without evidence for cross-ionization; for example, the Kolmogorov-Smirnov test suggests rejection of the hypothesis that the distributions are identical only at significance Barth et al. program 9763 . This is part of an ACS WFC image in the F625W filter, smoothed with a 3-pixel median for cosmetic reasons. The redshifts are a close match, with the companion at z = 0.0652 compared to the luminous AGN at z = 0.0643 for a projected velocity difference near 270 km s −1 . As expected for trailing spiral arms and the visible dust on the north side, the NE side of the disc is approaching. The area shown spans 38 × 49 arcseconds with north at the top. levels well below 90%. This suggests that preferential escape of ionizing radiation or long-term variability are indeed important in determining the ionization environment of AGN. Our data cannot yet distinguish which might have the dominant role, again parallel to studies of the Lyman α proximity effect.
CONCLUSIONS
Beginning with candidate pairs selected largely from the SDSS archive with the assistance of Galaxy Zoo volunteer participants, we have surveyed a sample of close companion galaxies to AGN for evidence of ionization of their interstellar medium by the external AGN. Such cases can help define the typical cone angles for escape of ionizing radiation, and the typical radiative history of AGN over timescales ≈ 10 5 years. Chosen on the bases of predicted intensity of incident AGN radiation and fraction of solid angle covered by the companion, we observed 32 systems spectroscopically, of which 10 show spectroscopic evidence of AGN ionization in the companion galaxy or tidal structures. This compares reasonably well with our simple geometric estimate ≈ 18% , based on typical ionization cone opening angles 70
• . A larger sample could, for example, place limits on rapid precession of ionization cones, if it were faster than the local recombination timescales. The distributions of predicted local ionizing flux from the AGN are similar in subsamples with and without evidence for cross-ionization, suggesting that the combination of geometric factors and variability history (instead of simply distance from the AGN and its luminosity) plays a key role in the AGN environment.
Further work in this direction could be pursued fruitfully with integral-field spectroscopy or narrowband emission-line imaging. Such data could define the regions within which AGN ionization is important. Emission-line imaging at high angular resolution would be more sensitive, allowing separation of the low-density diffuse ISM (whose ionization balance would be more easily altered by external radiation) from high-surface-brightness star-forming regions.
For completeness, tableA1 gives relevant properties of all 212 AGN/galaxy pairs considered. Selection properties were projected angle subtended by the companion galaxy around the AGN (θ) and predicted ionizing flux from the AGN at the projected distance of the companion galaxy (Fion). Fion was estimated as in Section 2.1, using the [O III] λ5007 fluxes calculated, where possible, from the SDSS spectra (based on tabulated line equivalent width EW inÅ and local continuum flux Fcont, as tabulated in SDSS DR7). Objects are identified both by coordinate designation, with initial J indicating designations used in the Sloan surveys (Alam et al. 2015) ; and, for SDSS objects, by the Data Release 12 (Alam et al. 2015) numerical ObjID for ease of data retrieval. For compactness, Fcont is listed in units 10 −17 erg cm
Fion is given in arbitrary units, since the quantity has systematic uncertainties as well as projection effects and was used only to rank objects for spectroscopic observation.
In a few cases we used additional sources for emissionline data: Petrov et al. (1985) for NGC 6786, Heckman et al. (1984) for the companion of PG 1048+342, and Keel et al. (1985) for NGC 5278/9.
"Type" indicates the AGN type -1 for broad-line objects (as in Sy 1), 2 for narrow-line objects, and 0 for BL Lac objects. 
